Background Open elbow dislocations are rare injuries. Most of the evidence related to these dislocations is found in case reports or in series with closed injuries. We reviewed the experiences of three centers in the treatment of open elbow dislocations. Question/purposes We compared the results after operative treatment of simple and complex open dislocations in terms of (1) ROM, (2) functional score, and (3) complications. Methods Eighteen patients were retrospectively included in this study: 11 with simple open elbow dislocations and seven with complex open elbow dislocations. Mean age was 40 years. Thirteen were men. Eight patients presented neurovascular injuries. Evaluation included ROM of the elbow and forearm as measured by hand-held goniometer. We then classified the results using the 100-point Broberg and Morrey functional rating index based on ROM, grip strength, elbow stability, and pain. Scores of 95 to 100 were considered excellent, 80 to 94 good, 60 to 79 fair, and less than 60 poor. Complications were recorded. Minimum followup was 6 months (mean, 25 months; range, 6-72 months). Results We found no differences between simple and complex open elbow dislocations related to ROM (median flexion/extension: 117°versus 110°, p = 0.12; forearm rotation: 160°versus 170°, p = 0.67). According to the Broberg and Morrey score, four patients had excellent results, five good, and one fair in the simple dislocation group, whereas in the complex dislocation group, four patients had excellent results, two good, and one fair (p = 0.8). No difference in complication rate was found between groups (p = 0.63). All complications in the simple dislocation group were neurovascular. In the complex dislocation group, there was one case of brachial artery occlusion, two cases of heterotopic ossification, one case of infection and nonunion, and one case of infection. No patients had recurrent elbow instability.
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Conclusions
No differences between simple and complex open elbow dislocations were found in terms of ROM, functional results, and rate of complications. Complications in the simple dislocation group were related to neurovascular injuries in contrast to the complex dislocation group where complications were associated with the bony injury. Level of Evidence Level IV, prognostic study. See Instructions for Authors for a complete description of levels of evidence.
Introduction
The annual incidence of elbow dislocations is between five and 13 per 100,000 persons [15, 24] . Simple elbow dislocations treated with early mobilization after closed reduction usually have good functional results despite the capsuloligamentous stabilizers of the articulation of the elbow being ruptured [19] . Complex elbow dislocations are when a simple elbow dislocation is associated periarticular fracture [13] . Treatment of these injuries is challenging and results depend on the correct restoration of elbow stability [22] . Postoperative complications and suboptimal results are mainly related to complexity of the osseous injury and involvement of the soft tissue stabilizers [5, 23] .
Open simple and complex elbow dislocations are rare injuries and are usually associated with high-energy and severe soft tissue injuries. Most of the evidence related to open elbow dislocations is found in case reports and series of mixed open and closed injuries.
We review the experiences of three centers in the treatment of open elbow dislocation. Specifically, we compared the results after operative treatment of simple and complex open dislocations in terms of (1) ROM, (2) functional score, and (3) complications.
Patients and Methods
We retrospectively identified 20 patients in three hospitals with open elbow dislocations during a 10-year period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . Inclusion criteria were an open elbow dislocation (simple or complex), data regarding functional results and complications, and a minimum of 6 months of followup. Two patients were excluded, one lost to followup and the other because of lack of data. Of the 18 patients who met the inclusion criteria, 11 had simple elbow dislocations and seven had complex elbow dislocation (Fig. 1 ). The mean age was 40 years (range, 21-66 years). There were 13 men with a mean age of 36 years (range, 21-54 years) and five women with a mean age of 51 years (range, 25-66 years) ( Table 1 ). The right arm was injured in nine patients (all dominant) and the left arm was injured in nine patients (two dominant). Four patients were injured in a fall from a height, four in a fall from a greater height, one had a crash injury, one patient was hit by a car, and eight patients were involved in motor vehicle accidents. Sixteen patients had one or more associated injuries (Table 1) . Eight patients sustained neurovascular injury, one with an open fracture-dislocation and the other seven with open simple dislocations ( Table 1 ). The mean followup was 25 months (range, 6-72 months).
The overall injury pattern was a posterior dislocation. Of the patients with fracture-dislocations, one had a medial column distal humerus fracture, one had a dislocation with a fracture of the olecranon, two had dislocations with fractures of the capitellum and trochlea, one had dislocation with supraintercondylar fracture of the humerus; and two had dislocations with fractures of the radial head (Table 1) . Open fracture-dislocations were graded according to the classification of Gustilo and Anderson [11] . Open fracture-dislocations were Type I in one patient, II in two patients, IIIA in two patients, IIIB in one patient, and IIIC in one patient (Table 1) .
We had intended to grade all patients according to the classification of open joint injuries of Collins and Temple [9] ; however, not all patients could be classified. This classification was developed to grade and characterize the magnitude of intracapsular structures and extracapsular soft tissue injuries to provide a prognosis. Type I open joint injuries are single penetrations without extensive soft tissue damage, permitting uncomplicated joint and wound closure. Type II injuries are single or multiple penetrations with extensive soft tissue disruptions, often requiring secondary operations to attain closure. Type III injuries are open periarticular fractures with extension through the adjacent intraarticular surface. Type IV injuries are open dislocations or those with associated nerve or vascular injury requiring repair. According to this classification, there were 12 patients with Type IV injury and the remaining patients could not be classified (Table 1) .
Thirteen patients had associated injuries (Table 1 ).
Operative Treatment
All 11 patients with open simple dislocations were treated with surgical débridement and articular reduction. Six of them had temporary stabilization with an external fixator, one had transfixation of the ulnohumeral joint with two Steinman pins, two had medial collateral ligament reattachment and immobilization in a posterior plaster splint, one had lateral collateral ligament reattachment and immobilization in a posterior plaster splint, and one had medial and lateral collateral ligament reattachments with immobilization in a posterior plaster splint.
In patients with open fracture-dislocation, treatment was related to the osseous injury. Five patients underwent open reduction and internal fixation of their fractures: two of the distal humerus, one of the olecranon, and one of the radial head. Of the remaining two patients, one had medial collateral ligament reattachment without fixation of the capitellum and trochlear fractures and the other had lateral collateral ligament reattachment and temporary stabilization with a hinged external fixator without radial head fixation.
Evaluation ROM of the elbow and forearm was measured by a hand-held goniometer. Pain was measured on a fourgrade scale (none, mild, moderate, severe). We classified the results with the Broberg and Morrey [8] functional rating index. This system classifies patients based on ROM, grip strength, elbow stability, and pain. Scores of 95 to 100 were considered excellent, 80 to 94 good, 60 to 79 fair, and less than 60 poor. Complications were also recorded. Anderson [11] and types of open joint injuries according to the classification of Collins and Temple [9] . OED = open elbow dislocations. 
Results
There was no difference in postoperative ROM between the simple and complex open elbow dislocations (ulnohumeral ROM: p = 0.12; forearm rotation: p = 0.67) ( Table 2) . Among the 11 patients with open simple elbow dislocations, the median arc of ulnohumeral motion was 117°(range, 90°-145°) and median forearm rotation was 1608 (range, 120°-170°). Of the seven patients with open complex elbow dislocations, the median arc of ulnohumeral motion was 110°(range, 0°-135°) and median forearm rotation was 170°(range, 50°-170°). The mean postoperative Broberg and Morrey score for the whole series was 90 points (range, 65-100 points) ( Table 2 ). The categorical ratings were eight excellent, seven good, and one fair. Of the 11 patients who had simple open elbow dislocations, the median Broberg and Morrey score was 93 points (range, 77-100 points). The categorical ratings were four excellent, five good, one fair, and one was not available because she underwent a partial amputation of the hand. For the seven patients who had complex open elbow dislocations, the mean Broberg and Morrey score was 95 points (range, 65-100 points). The categorical ratings were four excellent, two good, and one fair. There was no difference between groups (p = 0.8).
Overall, 12 patients had complications: eight in the open simple elbow dislocation group and four in the open complex dislocation group (Table 2) . No differences were found between groups (p = 0.63). All complications in the simple dislocation group were neurovascular (Fig. 2) . In the complex open elbow dislocations group, there was one case of brachial artery occlusion, two cases of heterotopic ossification, one case of infection and nonunion, and one case of infection. No patients had recurrent elbow instability.
Discussion
Among injuries to the upper extremity, dislocation of the elbow is second only to dislocation of the shoulder. In simple dislocations, early mobilization after closed reduction is associated with a low risk of redislocation [14] . On the other hand, in complex dislocations, the risk of recurrent or chronic instability is increased. Consequently, dealing with the osseous stabilizers in the complex elbow dislocation is the main goal of treatment [10, 20, 23] .
Despite the preponderance of literature on traumatic injuries about the elbow, there are relatively few data specifically addressing open elbow dislocations, whether simple or complex [1, 2, 4, 6, 12, 16, 18] . Owing to the paucity of published data in this type of injuries, we performed this study to compare the results after operative treatment of simple and complex open elbow dislocations in terms of (1) ROM, (2) functional score, and (3) complications.
Our study has certain limitations. First, it is retrospective due to the relatively low prevalence of open elbow dislocation. Although retrospective studies may be associated with several biases, it is difficult to evaluate interventions designed to compare rare events due to the sample size in randomized control trials. Designing trials with a large number of patients may be impossible in terms of the time needed to recruit them and the funding needed to accomplish it [7] . Another limitation is related to the variability in treatment related to patients recruited from the three centers. However, all patients were treated according to the principles of care of simple and complex elbow dislocations.
We found no differences in ROM, either ulnohumeral flexion or forearm rotation, between simple and complex open elbow dislocations. Excellent and good results were achievable in most of the simple and complex open elbow dislocations according to the Broberg and Morrey score. This is in accordance with the literature, which shows good to excellent results in 75% to 100% of patients with simple elbow dislocations [3, 17] . On the other hand, when elbow dislocations are associated with fractures, the results are adversely affected [23] . Although we found no difference between simple and complex open elbow dislocations, this could be due to Type II error because of the small sample size. Similar rate of complications were seen in both simple and complex open elbow dislocations. Nevertheless, neurovascular complications were seen mainly in simple dislocations in contrast to those found in complex dislocations. This distribution is in agreement with the literature in relation to fracture-dislocations [21] [22] [23] 25] . However, neurovascular injury prevalence is higher in open dislocations than in closed dislocations [4] .
In this study, we have presented, to our knowledge, the largest series of adult patients with open elbow dislocations, whether simple or complex. Some important information about this troublesome pattern of injury can be gleaned from this series. No differences in ROM, functional results, or rate of complications were found. However, the type of complications differs between simple and complex dislocations. In simple dislocations, all the complications were neurovascular in contrast to the complex dislocations where complications were related to the bony injury.
